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Abstract: Heavily advertised as a harmless tobacco alternative, hookah (i.e., waterpipe)-flavored
tobacco smoking has contributed to the wider epidemic of smoking, especially amongst marginalized
sexual minority (SM) populations. Evidence regarding the concurrent use of substances and other
drugs, among SM current hookah smokers, is scarce. We utilized nationally representative data from
the Population Assessment of Tobacco and Health (PATH) Study (2016–2019) to examine patterns
of the concurrent use of substances (i.e., marijuana, painkillers, sedatives, tranquilizers, cocaine,
stimulants (specifically methamphetamines), and others), in SM adult hookah smokers and their
heterosexual counterparts. Current hookah smoking is higher among SM adults (Wave 4: 4.22%
[95% CI = 2.94–5.94] and Wave 5: 2.65% [95% CI = 1.81–3.48]) than heterosexuals (Wave 4: 1.31%
[95% CI = 1.13–1.50] and Wave 5: 1.07% [95% CI = 0.89–1.25]). Among current SM hookah users,
the co-use of substances, including alcohol, marijuana, and cocaine, is comparable to heterosexuals
(p = ns). Adjusting for gender alone and all covariates, including age, sex, race/ethnicity, education,
income, and education, no differences in concurrent substance use were observed between SM
and heterosexual hookah users. While the co-use of substances is comparable between SM and
heterosexual hookah smoker adults, the prevalence of current hookah use more than doubled among
SM individuals than heterosexual individuals during 2018–2019. Our findings highlight the critical
value of prevention efforts directed to increase education and awareness about hookah smoking use
and known health effects, particularly tailored towards sexual minorities.
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1. Introduction

Tobacco use is the leading cause of preventable disease, disability, and death within
the United States and globally [1]. With tobacco consumption being popularized, racially
targeted products, as well as those marketed as ingestible “stress-relieving” [2], have
evolved to include alternative ones such as hookah (i.e., waterpipe) smoking, an evolving
flavored tobacco epidemic among youth and young adults [3]. Despite emerging studies
challenging the widespread unsubstantiated popular belief that hookah smoking is a
harmless tobacco alternative [4], hookah use remains high, particularly among young
adults. National representative data from Wave 3 (W3; collected throughout 2015–2016)
of the Population Assessment of Tobacco and Health (PATH) Study showed that 9.2% of
adults 18–24 years of age reported current (past 30 days) hookah use [5].

While the consumption of hookah-flavored tobacco has primarily affected all gen-
der and ethnic groups, emerging studies highlight increasing use among sexual minority
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(SM)—lesbian, gay, and bisexual—populations, as compared to heterosexuals [6,7]. Utiliz-
ing initial PATH study data (W1 and W2; collected throughout 2013–2015), we previously
showed that hookah use among SM adults (ever use W1: 29% and W2: 31%; current use
W1: 4% and W2: 3%) was higher than heterosexuals (ever use W1: 16% and W2: 16%;
current use W1: 1% and W2: 1%) [8]. Similar trends exist among SM students, where they
have reported more days of hookah use than cigarettes, in comparison to their heterosexual
counterparts [9].

In addition to higher tobacco use prevalence among SM individuals, sexual minorities
demonstrate disparate rates of substance use, including alcohol, marijuana, and other
drugs, as compared to heterosexuals [10–12]. In fact, studies show that the concurrent
use of tobacco and substance use is common among SM individuals [13,14]. SM women
have a greater proportion of concurrent drinking and cigarette tobacco smoking days [14],
and, more recently, we showed that in W1 and W2 of the PATH study, there was a higher
prevalence of the concurrent use of marijuana, stimulants, and sedatives amongst SM
hookah smokers [15]. Moreover, SM women and young adults (18–24 years old) had higher
odds of concurrent hookah and marijuana use, as compared to heterosexuals [15].

Throughout history, SM communities have experienced disproportionate stresses due
to the standardization of heteronormativity, cisgender norms, as well as cultural pressures
surrounding the unacceptance of these identities [16]. These stressors have been shown to
play a major role in etiologies in tobacco-use-related disparities among SM populations [17].
Notably, as compared to heterosexuals, increased tobacco advertisement and marketing
in the form of “direct advertising, indirect advertising, community outreach, and spon-
sorships” are particularly targeted towards SM populations [18]. The disproportionate
number of targeted tobacco product advertisements poses an additional risk factor for SM
young adults, leading to a higher prevalence of health adversities.

While the use of tobacco and substances alone poses substantial public health con-
cerns [19], the concurrent use of these substances exponentially increases health-related
outcomes and disparities [20]. Indeed, hookah-flavored tobacco smoking has been im-
plicated in a number of negative health outcomes, including cardiovascular, pulmonary,
and oral diseases [4,21,22]. Contrary to widely held claims, a systematic review and meta-
analysis demonstrated the accumulating scientific evidence associating hookah smoking
with cancer, including oral cancer (odds ratio (OR) = 4.17; 95% CI = 2.53–6.89) and lung
cancer (OR = 2.12; 95% CI = 1.32–3.42), as well as respiratory diseases, including chronic
obstructive pulmonary disease (OR = 3.18, 95% CI = 1.25–8.08) and bronchitis (OR = 2.37,
95% CI = 1.49–3.77) [23]. In addition to tobacco combustion products, hookah smoking
exposes users to high levels of charcoal combustion products, including carbon monoxide
levels, which has been implicated in substantial increases in hookah-associated carbon
monoxide poisoning cases [24,25]. A study utilizing smoking machines estimated that a
typical one-hour hookah smoking session emits 30 times the carbon monoxide levels of a
single cigarette in the side-stream [26].

To date, little is known about the concurrent use of substances among SM hookah
smokers, particularly as compared to heterosexuals. Increasing this knowledge base could
help inform prevention and cessation efforts specifically targeted to this group vulnerable
to tobacco and substance use. Therefore, the primary goal of this study was to extend the
findings of Dobrin et al. [15] by examining the concurrent use of substances, including mar-
ijuana, painkillers, sedatives, tranquilizers, cocaine, stimulants (i.e., methamphetamines),
and other drugs, among SM adult current hookah smokers and their heterosexual coun-
terparts, using the most recent nationally representative PATH study data (W4 (collected
throughout 2016–2018) and W5 (collected throughout 2018–2019)).

2. Materials and Methods
2.1. Study Design

This analysis used longitudinal data from W4 (collected from 1 December 2016 to
3 January 2018) and W5 (collected from 1 December 2018 to 30 November 2019) of the PATH
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Study, which included a nationally representative cohort of U.S. youth and adults. Wave 5
study participants were interviewed approximately 103 weeks after the W4 interview. The
design of the PATH Study allowed data to be collected on various outcomes associated with
the use of tobacco and alternative tobacco products, including use patterns, risk perceptions,
attitudes, and health outcomes [27]. The study was approved by the Westat Institutional
Review Board (IRB). The University of California, Los Angeles IRB, approved the secondary
analyses of PATH data. Study analyses were strictly performed in accordance with the
relevant guidelines and regulations.

2.2. Measures
2.2.1. Socio-Demographic Characteristics

Demographic data included was age, race/ethnicity, sex, sexual orientation, education
level, household income level, health insurance status, and mental health self-perceptions.
We defined sexual minorities (SMs) as participants who self-reported their sexual orienta-
tion as “lesbian or gay”, “bisexual”, or “something else”. Heterosexuals were defined as
those who self-reported their sexual orientation as “Straight, that is, not lesbian or gay”.
Participants self-reported their race/ethnicity as any of the following: white non-Hispanic,
black non-Hispanic, other non-Hispanic, and Hispanic. Other demographic variables
were as follows: age, categorized by 18–24, 25–34, 35–44, 45–54, and ≥55 years of age;
sex, categorized as male versus female; education level, categorized as college versus no
college; and household income level, categorized as <USD 25,000, USD 25,000–49,999,
USD 50,000–99,999, and ≥USD 100,000.

2.2.2. Hookah Use and Substance Use

Inclusion criteria included current hookah smokers, who self-reported the current use
of other substances. Current hookah use was defined as participants who self-reported
smoking hookah every day or some days during the past 30 days. To study the co-use of
hookah tobacco with other substances, we analyzed current hookah users who also indi-
cated the current use (past 30 days) of any of the following substances: alcohol, marijuana,
Ritalin®/Adderall®, painkillers/sedatives/tranquilizers, cocaine, simulants, and other
drugs (heroin, inhalants, solvents, or hallucinogens). The sample study participants were
not exclusive hookah users and could have potentially used additional tobacco/nicotine
products, such as cigarettes and/or e-cigarettes, cigars, traditional cigars, filtered cigars,
cigarillos, pipe, pipe tobacco, snus pouches, dissolvable tobacco, or smokeless tobacco.

2.3. Statistical Analyses

For each substance outlined above, we used replicate survey weights in SAS 9.4 bal-
anced repeated replication method with Fay’s variant. We estimated the weighted per-
centages of co-use prevalence with 95% confidence intervals (CIs). For both W4 and W5,
Rao-Scott chi-square tests were completed on each to compare SM hookah users to het-
erosexual hookah users (independent variable) on their use of each substance (dependent
variable). Within sex and age group categories, SM vs. heterosexual group differences in
co-occurring substances were examined via survey-weighted logistic regression.

3. Results

Overall, a total of 200 SM and 720 heterosexual current hookah smokers participated
in PATH studies W4 and W5 (Table 1). Out of 393 current hookah smokers who participated
in W5, 345 (87.8%) also participated in W4. In W4, among SMs, 4.22% (95% CI: 2.94–5.49)
reported current hookah use, whereas among heterosexuals, 1.31% (95% CI: 1.13–1.50)
reported current hookah use. In W5, among SMs, 2.65% (95% CI: 1.81–3.48) reported
current hookah use, whereas among heterosexuals, 1.07% (95% CI: 0.89–1.25) reported
current hookah use. In W4, the majority of hookah smokers were young adults between
18 and 24 years of age (62% SM and 55% heterosexual individuals, p = ns). In W5, while
young adults constituted 51% of SM current hookah smokers, they constituted 38% of
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heterosexuals. While 79% of SM current hookah smokers self-identified as females in W4,
44% of heterosexuals identified as females (p < 0.0001). In W5, sex distribution was not
significantly different between SMs and heterosexuals. In both waves, sexual minority
current hookah smokers were predominantly White with some college education and
comparable to heterosexuals (p = ns).

Table 1. Characteristics of study participants (current hookah smokers).

Sexual Minority Adults
N = 200

Heterosexual Adults
N = 720

Wave 4
n = 116

Wave 5
n = 84

Wave 4
n = 411

Wave 5
n = 309

Age
18–24 Yr 61.94 (49.46–74.42) 51.90 (35.94–67.87) 54.64 (46.65–62.64) 38.33 (29.80–46.87)
25–34 Yr 30.39 (17.61–43.17) 44.24 (28.66–59.82) 34.04 (27.27–40.80) 45.49 (37.26–53.72)
35–44 Yr 3.49 (0.00–7.83) 2.69 (0.00–6.19) 4.53 (2.52–6.53) 8.78 (4.35–13.22)
45–54 Yr 0.33 (0.00–1.05) 1.17 (0.00–2.77) 3.79 (1.00–6.58) 4.05 (0.58–7.52)
≥55 Yr 3.84 (0.00–9.32) - 3.00 (0.33–5.68) 3.35 (0.18–6.52)

Sex a

Male 20.75 (9.86–31.65) 43.97 (26.98–60.96) 55.94 (48.26–63.61) 54.63 (46.07–63.18)
Female 79.25 (68.35–90.14) 56.03 (39.04–73.02) 44.06 (36.39–51.74) 45.37 (36.82–53.93)

Race
White, Non-Hispanic 43.42 (27.48–59.36) 39.11 (21.05–57.18) 42.35 (35.20–49.49) 29.96 (22.52–37.40)
Black, Non-Hispanic 23.11 (8.92–37.30) 18.75 (6.96–30.53) 11.66 (7.18–16.15) 19.16 (13.25–25.08)
Other, Non-Hispanic 10.02 (4.56–15.48) 11.14 (1.33–20.94) 14.99 (9.96–20.02) 12.07 (7.04–17.10)
Hispanic 23.45 (10.92–35.99) 31.00 (16.13–45.87) 31.00 (23.48–38.53) 38.80 (30.41–47.19)

Education Level
No College 39.45 (24.88–54.02) 36.58 (20.73–52.43) 36.90 (28.56–45.23) 39.53 (29.15–49.91)
Some College 60.55 (45.98–75.12) 63.42 (47.57–79.27) 63.10 (54.77–71.44) 60.47 (50.09–70.85)

Income
<USD 25,000 58.14 (44.68–71.61) 43.44 (25.25–61.63) 44.32 (38.08–50.56) 33.97 (26.06–41.88)
USD 25,000–49,999 18.85 (8.13–29.57) 25.69 (11.12–40.27) 27.96 (20.55–35.37) 28.40 (20.39–36.40)
USD 50,000–99,000 14.24 (4.12–24.36) 20.00 (4.22–35.78) 18.30 (12.72–23.89) 25.22 (17.33–33.12)
≥USD 100,000 8.77 (1.51–16.02) 10.86 (2.39–19.33) 9.42 (5.81–13.02) 12.41 (6.60–18.23)

Health Insurance
No 22.07 (11.30–32.84) 28.12 (13.64–42.60) 19.59 (13.56–25.61) 22.99 (16.43–29.55)
Yes 77.93 (67.16–88.70) 77.88 (57.40–86.36) 80.41 (74.39–86.44) 77.01 (70.45–83.57)

Data are shown as survey-weighted percentages (95% CI). a p < 0.0001 was used to compare sexual identity in
relation to gender within W4 for those with current use. (-) indicates zero cell size.

Figure 1 summarizes the prevalence of substance use based on the sexual iden-
tity subgroup among hookah smokers. Substances (i.e., Ritalin®/Adderall®, stimulants
(i.e., methamphetamines), and other drugs) with fewer than the minimum reportable
number of participants were not included in the analysis. The concurrent use of sub-
stances, including alcohol, marijuana, and cocaine, was comparable between current SM
and heterosexual hookah users (p = ns).

Whereas in W4 and compared with heterosexuals, SM hookah smokers reported
higher concurrent use of pain killers/sedatives/tranquilizers (6.85% (95% CI = 3.08–10.63)
vs. 11.94% (95% CI = 1.85–22.03), reported concurrent use was lower in W5 (6.25% (95%
CI = 1.45–11.04) vs. 3.72% (95% CI = 0.00–7.55); Figure 1). For females, 14.54% (95%
CI = 1.90–27.17) in W4 and 5.70% (95% CI = 0.00–12.44) in W5 of SM adults, as compared to
8.64% (95% CI = 1.39–15.90) in W4 and 8.94% (95% CI = 2.31–15.56) in W5 heterosexuals,
reported the concurrent use of pain killers/sedatives/tranquilizers. For males, 2.03% (95%
CI = 0.00–5.57) in W4 and 1.19% (95% CI = 0.00–3.11) in W5 of SM adults, as compared to
5.44% (95% CI = 1.37–9.52) in W4 and 4.01% (95% CI = 0.00–11.41) in W5 heterosexuals,
reported the concurrent use of pain killers/sedatives/tranquilizers.
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Cocaine       

###Adjusted for gender 0.52 0.14–2.00 0.34 1.41 0.19–10.70 0.74 

Figure 1. Substance Use among current hookah users, comparing sexual minorities and heterosexuals.
Data represent weighted percentages (95% CI). a Comparison of cocaine use between SM individuals
and heterosexuals in W4, p = 0.35 and W5, p = 0.67; b comparison of painkiller/sedative use between
SM individuals and heterosexuals in W4, p = 0.25 and W5, p = 0.42; c comparison of marijuana use
between SM individuals and heterosexuals in W4, p = 0.36 and W5, p = 0.80; d comparison of alcohol
use between SM individuals and heterosexuals in W4, p = 0.22 and W5, p = 0.26. W4 was collected
over 2016–2018; W5 was collected over 2018–2019.

Table 2 summarizes the adjusted odds for concurrent substance use for SM and
heterosexual hookah smokers. Adjusted for gender alone as well as all covariates, including
age, sex, race/ethnicity, education, income, and education, no differences in concurrent
substance use were observed between SM and heterosexual hookah users (Table 2).

Table 2. Concurrent use of substances among SM and heterosexual hookah smokers.

Wave 4
SM vs. Heterosexual Individuals

Wave 5
SM vs. Heterosexual Individuals

OR 95% CI p Value OR 95% CI p Value

Cocaine
Adjusted for gender 0.52 0.14–2.00 0.34 1.41 0.19–10.70 0.74
Adjusted for all covariates 0.37 0.08–1.79 0.21 1.64 0.23–11.55 0.61

Pain killers/sedatives/tranquilizers
Adjusted for gender 1.48 0.47–4.63 0.45 0.53 0.12–2.30 0.39
Adjusted for all covariates 1.56 0.49–5.02 0.45 0.86 0.20–3.66 0.84

Marijuana
Adjusted for gender 1.32 0.67–2.59 0.42 1.06 0.46–2.46 0.89
Adjusted for all covariates 1.20 0.59–2.47 0.60 1.94 0.50–2.87 0.69

Alcohol
Adjusted for gender 0.65 0.34–1.25 0.19 0.59 0.25–1.42 0.23
Adjusted for all covariates 0.62 0.26–1.45 0.26 0.57 0.24–1.33 0.19

Covariates: age, sex, race/ethnicity, education, income, and education. OR = odds ratio.
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4. Discussion

Despite the enormous global health burden, studies on tobacco and substance use
among SM populations remain understudied. Drawing from a nationally representative
U.S. sample of adults 18 years and older, this study provides 2016-to-2019 data on the
concurrent use of substances among SM and heterosexual adult hookah smokers. The
findings of this study add to the literature focused on alternative tobacco use among SM
adults by revealing two noteworthy points. First, study findings indicate a substantially
higher prevalence of hookah use among SM individuals, as compared to heterosexual
adults. Second, no statistically significant differences were found for concurrent substance
use, including cocaine, marijuana, sedatives, and alcohol, between SM and heterosexual
hookah smokers, even after adjusting for differences in age, sex, race/ethnicity, education,
income, and education.

Though heavily marketed as a harmless tobacco alternative, hookah smoke yields
comparable constituents to cigarette smoke, containing abundant amounts of harmful or
potentially harmful substances, including oxidants, particulate matter, polycyclic aromatic
hydrocarbons, and heavy metals [4,22]. Research has shown that hookah smoking predis-
poses users to numerous deleterious health effects, including cardiopulmonary diseases,
oral and infectious diseases, and cancer [22,28,29]. Furthermore, because burning charcoal
is used to char the flavored hookah tobacco during lengthy smoking sessions, significant
increases in carbon monoxide levels result in hookah-related carbon monoxide poison-
ing [24,30,31]. Our study extends prior research by documenting the increasing tobacco
use disparities that continue to exist among SM adults. Critically, our findings underline
the importance for educational and advocacy efforts to offset the unsubstantiated claims
and correct misperceptions surrounding hookah smoking within the SM community.

In 2016–2019, our nationally representative data documents significantly higher preva-
lence of current hookah use among SM individuals than heterosexuals. While current
hookah use decreased among both SM and heterosexual individuals between 2016 and
2019, as compared to heterosexuals, hookah use more than doubled among SM individ-
uals. The lack of SM-specific hookah tobacco public education and other intervention
efforts likely contribute to disparities in prevalence among this population vulnerable to
tobacco and substance use. Indeed, sexual identity is strongly associated with tobacco
use frequency, and SM individuals have not only faced victimization, psychological stress,
and identity suppression due to the lack of unacceptance surrounding those who identify
beyond cis-gender, but have also been subjected to aggressively targeted tobacco marketing
and advertisements [9,32–34]. Future studies are warranted to identify and determine
specific mechanisms, such as exposure to hookah tobacco marketing and advertisements,
which affect patterns of hookah tobacco use.

As compared to the literature on SM cigarette smokers [14,15], and despite the increas-
ing prevalence of SM hookah smokers [8,35,36], few studies have examined concurrent
substance use among SM hookah smokers. For example, as compared to heterosexual
women, SM women report a greater proportion of cigarette tobacco smoking days and
a greater proportion of concurrent alcohol drinking and smoking days [14]. Using the
first two waves of the PATH Study data, Dobrin et al.’s study highlighted that SM indi-
viduals who smoke hookah were found to have a greater prevalence of concurrent use of
substances (i.e., alcohol, marijuana, and other drugs) in comparison to heterosexuals who
smoke hookah [15]. It is noteworthy that our current analysis with subsequent W4 and
W5 PATH studies showed no significant difference in concurrent substance use between
adult SM and heterosexuals who report hookah smoking. It is plausible that negative
attitudes and discrimination about homosexuality, which have continued to decrease over
time, resulting in reduced stress, have led to reduced substance use among SM popula-
tions [37,38]. For example, data from the General Social Survey showed a continued decline
in Americans’ negative perceptions towards homosexuality since the 1970s [39]. Study
findings indicate the need for substance use treatment interventions, specifically tailored to
the needs of SM populations. This is important considering recent nationally representative
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findings documenting differences between SM and heterosexual individuals in utilizing
substance use treatments [40]. Specifically, according to data from the National Survey on
Drug Use and Health, and as compared to heterosexuals, gay and lesbian individuals utilize
treatment for substance use disorders at higher rates, while bisexuals utilize treatments at
lower rates [40].

Although our findings enhance our limited understanding of concurrent substance
use among SM hookah smokers using a large nationally representative dataset, there are
several limitations to this study. Because PATH data for W4 and W5 were collected prior
to the unprecedented 2019 coronavirus pandemic, our findings may not be translatable to
current hookah use or prevalence after the pandemic. Because some substances, including
Ritalin®/Adderall®, stimulants (i.e., methamphetamines), and other drugs, had relatively
small sample sizes, they were not included in our analyses. Smoking and substance use
status amongst SM and heterosexual smokers were not biochemically measured and study
findings rely on self-reported data. Sexual minority PATH participants were all grouped
together in the study surveys. Though the PATH study datasets are longitudinal, the
analysis carried out for this paper was cross-sectional. Future PATH waves should separate
lesbian/gay populations from their bisexual counterparts to effectively address the needs
of each group.

5. Conclusions

Our findings are among the first to document differences in hookah use among SM
adults utilizing the most recent PATH study waves, and they reveal that SMs have a signifi-
cantly higher rate of smoking hookah as compared to their heterosexual counterparts. These
results illustrate the need to implement hookah smoking prevention programs, specific to
SM populations, through education on causative socioeconomic/cultural agents that may
be tied to hookah smoking. Future work should focus on examining the drivers behind
hookah use among SM communities, including, but not limited to, social determinants
of health, underlying health conditions, as well as the internalization of stress/stigmas.
Ultimately, these correlations, as well as detrimental effects of hookah use, should not only
reach SM communities, but also marginalized communities that are susceptible to hookah
marketing and advertisements.
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